Summary.-Peripheral -blood monocytes from normal individuals and from patients with malignant melanoma reduce nitroblue tetrazolium (NBT). A quantitative assay for dye reduction was applied to 25 healthy donors and 31 patients with malignant melanoma. NBT reduction expressed as dye reduction per monocyte was significantly impaired in patients with disseminated disease, and they responded poorly to a phagocytic stimulus. Monocytes from patients with micrometastatic disease, however, showed normal resting NBT reduction but, following exposure to a suspension of latex-polystyrene, showed significantly greater NBT reduction than those from normal individuals. Since NBT reduction is an indirect measure of intracellular hexose-monophosphate-shunt activity we conclude that the monocytes from patients with minimal disease are in some way activated.
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STUDIES of monocyte function in cancer patients have so far revealed a variety of abnormalities including defective chemotaxis (Boetcher and Leonard, 1974) , defective maturation (Currie and Hedley, 1977) , enhanced Fc-receptor expression (Rhodes, 1976) and enhanced lysis of opsonized human red cells (Nyholm and Currie, 1978) . Macrophages and monocytes "activated" by stimuli such as latex or endotoxin show enhanced glucose oxidation (Rocklin et al., 1974) mediated by the hexose-monophosphate shunt (HMPS), whose rate-limiting step is the level of NADPH oxidase. The redox dye nitroblue tetrazolium (NBT) is reduced by the action of the enzyme on NADPH, and the product is the insoluble coloured crystalline formazan. The reduction is therefore an indirect measure of HMPS activity and has been used as a clinical test for pyogenic infection by the cytochemical examination of peripheral blood neutrophils incubated with NBT (Park et al., 1968) .
We have adapted a quantiative NBT method to examine the peripheral-blood monocytes of patients with malignant melanoma.
MATERIALS AND METHODS
Patients.-Thirty-one patients with a histologically proven diagnosis of malignant melanoma were studied. There were 17 males and 14 females, with an age range of 17 to 73. No patient had received radiotherapy, cytotoxic chemotherapy or steroids. At the time of study, 14 had overt metastatic disease and 17 had been rendered clinically disease-free by prior surgery, but were all at high risk of early recurrence (i.e. they had occult micrometastases). These were patients who had been treated for deeply penetrating primary tumours, local or distant cutaneous nodules or regional lymphnode metastases.
The control individuals were 25 healthy donors.
Mononuclear-cell suspensions (MNC). 10 ml of peripheral blood was defibrinated with glass beads and MNC preparations obtained by centrifugation on Lymphoprep (Nygaard) as previously described (Boyum, 1968 Experiments were performed in triplicate. The tubes were incubated at 37°C for 15 min after whiclh 25 1u of a 4 mm solution of nitroblue tetrazolium (Sigma) in 340 nM sucrose were added. After incubating at 37°C for 1 h the reaction was stopped by adding one drop of N/10 HCI to the tubes, following which they were either read immediately or stored at -20(C. Samples deep-frozen for up to 3 w%veeks gave the same results as duplicates read immediately. To extract the formazan the tubes were centrifuged at 800 q for 10 min, the supernatant aspirated and the cell button Nvashed with 1 ml of 0-90% saline. Following a further spin at 800 g and removal of the saline, 500 1u of dioxan w%ere added and the tubes were placed in a water bath at 70°C for 20 min. Cell debris and latex particles were sedimented by centrifugation at 2000 q for 15 min and the clear supernatant read at 520 nm in a Pye Unicam SV 500 spectrophotometer using dioxan as a blank.
A standardization curve was prepared for each batch of NBT solution by reducing doubling dilutions of NBT with 150 uM ascorbic acid as described by Segal and Peters (1975) . Thus the amount of NBT reduced by 106 cells was determined, and knowing the percentage of NSE+ cells in the AINC suspension it was possible to express the result as NBT reduction x 10-15 mol per NSE+ cell.
Latex stimulation. Baehner and Nathan (1967) showed that phagocytosing neutrophils reduced NBT more actively than resting cells. concentration was about 100 particles per mononuclear cell, formazan extraction being unreliable at higher concentrations (due perhaps to competitive solubility in dioxan).
This concentration M-as therefore used to examine NBT reduction by monocytes in all the normals and patients. NBT redutction against time.-Because of the relatively small proportion of monocytes in the MNC suspensions they were incubated with NBT for 60 min, since NBT reduction by monocytes remained linear with respect to time during this period (Fig. 2) . This finding contrasts with the behaviour of polymorphonuclear leucocytes, since we have confirmed Baehner and Nathan's observation (1968) that dye reduction by purified neutrophil preparations reaches a plateau after about 30 min.
Defibrinated vs heparinized blood.-Defibrinated blood was used because it gave more reproducible results than heparinized blood in the macrophage-precursor assay (Currie and Hedley, 1977) Although NBT reduction by neutrophils has been studied for 10 years and has been used as a diagnostic test for acute bacterial infections, the monocyte has received scant attention, apart from comments by Humbert et al. (1971) , Wenger and Bole (1973) and Weston et al. (1975) by the neutrophils of children with either acute lymphoblastic leukaemia or solid tumours, and the absence of increased dye reduction when such children developed infections. In contrast, Silverman and Reed (1973) have detected enhanced neutrophil NBT reduction, and King et al. (1977) increased monocyte HMPS activity, in patients with lymphomas.
Monocyte function in patients with cancer is deranged, with increased Fcreceptor expression (Rhodes, 1977) and enhanced lysis of opsonized human erythrocytes (Nyholm and Currie, 1978) but defective phagocytosis (Boetcher and Leonard, 1974) and maturation (Currie and Hedley, 1977) . Henon et al. (1977) have recently shown that the plasma from patients with advanced cancer inhibits the phagocytosis of latex particles by normal neutrophils, and that the defective phagocytosis of the patients' own neutrophils can be rectified by washing the cells and resuspending them in normal AB plasma. Serum factors are also involved in the increased neutrophil NBT reduction found during acute bacterial infection, since the serum of such patients will stimulate normal neutrophils (Segal and Levi, 1975) . Wenger and Bole (1973) have shown that patients with disseminated lupus erythematosus, a disease characterized by circulating immune complexes, have impaired NBT reduction by both neutrophils and monocytes. Segal and Levi (1975) have observed the suppression of NBT reduction by normal human neutrophils in vitro when incubated with ovalbumin/rabbit anti-ovalbumin complexes formed at equivalence or slight antibody excess. However, Nydegger et al. (1973) were able to increase neutrophil NBT reduction using BSA/rabbit anti-BSA complexes at equivalence or slight antigenic excess, this stimulation being dose-dependent. These data suggest that immune complexes may be capable of either inhibiting or stimulating phagocytic cell function, depending on the ratio of antibody to antigen employed and the concentration of the complexes. The changes in monocyte function detected in our patients could be attributed to such humoral mechanisms, and our studies of this topic will be reported separately.
